Abstract Objective-To investigate the incidence and timing ofneonatal ultrasound lesions, and clinical details about pregnancy and the perinatal period, in a total population of extremely premature children with cerebral palsy, born to mothers who were resident in Oxfordshire. Methods-Eighteen children born at less than 32 completed weeks of gestation were identified from a regional cerebral palsy register. Eighteen controls were matched for gestation, time, and place of birth. Perinatal records and ultrasound reports were systematically reviewed. Sequential neonatal ultrasound images stored on videotape were reanalysed, blind to the outcome of the infants. Results-Sixteen (89%b) of the cerebral palsy cases and one (6%) control had parenchymal cysts on neonatal brain scans. Of the cerebral palsy cases, none had cysts detectable on the first day. Six developed cysts within the first 10 days oflife, and two of these had periventricular echodensities when first scanned postnatally. Antenatal complications were recorded in 16 cases and nine controls. The early postnatal appearance of cysts in a few babies with a history of severe antenatal complications suggested that antenatal factors may have contributed to the cerebral pathology. Conclusions-Intrauterine factors may have contributed to adverse neurological outcome, but 16/18 of the preterm cerebral palsy cases had an associated cerebral lesion which developed in the perinatal period.
ticular ultrasonography, has been used to explore the nature of cerebral abnormalities in the preterm brain and their association with neurological impairment. In this study we examined the cerebral ultrasound features in the neonatal period of a total population of very preterm babies who developed cerebral palsy and compared them with a group of very preterm controls.
Cerebral palsy in very preterm babies is assumed to originate predominantly in the postnatal period although there is evidence that it is antenatal in origin in some babies. [3] [4] [5] [6] Ultrasonographic and postmortem studies of the evolution of cerebral abnormalities suggest that cystic lesions develop over 10 to 14 days,7-10 and are preceded by parenchymal echodensities."I The time at which ultrasound echodensities and cysts first appear may be crucial in pinpointing which clinical antecedents are important. To investigate the timing and clinical correlates of clinically important abnormalities requires sequential ultrasound scans for each baby.
We therefore compared sequential scans from a total population of very preterm babies who developed cerebral palsy with a group of very preterm controls to address the following questions. First, what is the incidence of cerebral abnormalities in very preterm babies who develop cerebral palsy and how do they compare with controls? Secondly, when do these lesions develop; and thirdly, what if any are the clinical correlates with these lesions? Methods All subjects were singletons born at less than 33 weeks gestation between 1987 and 1990. The mothers were residents of Oxford district and gave birth at the John Radcliffe Maternity Hospital. Babies who did not survive to discharge were excluded. Multiple births were also excluded from this study as current evidence suggests that the risk factors for cerebral palsy in this group differ from those in singleton births. '2 Gestational age for all groups was estimated by using a combination of menstrual dates and an ultrasound scan performed before 20 weeks of gestation. The scan date was preferred if the menstrual date was uncertain or if there was a discrepancy of more than 14 days between the menstrual date and the scan estimate.
Eighteen children with cerebral palsy, from a geographically defined population, were identified from the Oxford region register of early childhood impairments.13 The definition of cerebral palsy used by the register is that of a permanent impairment ofvoluntary movement or posture presumed to be due to permanent damage to the immature brain. The register includes children of mothers who were resident within the former Oxford health region at the time of delivery. Multiple sources of ascertainment are used to compile the register, and the condition of the children is determined at the age of 3 and 5 years.
Eighteen controls who did not have cerebral palsy were selected and matched for gestational age and as near as possible for date of birth. Ultrasound scanners were the ATL 300C (Advanced Technical Laboratories) until 1988, and the UM4 (ATL) thereafter, with 7-5 MHz transducer heads. For retrospective review, four recordings were selected and reviewed for each baby. These were taken from the first 24 hours, between 25 and 72 hours, between 5 and 9 days and at about 6 weeks. The findings were described using a classification modified from a datasheet used in a previous trial (OSIRIS).14 The right and left cerebral hemispheres were described separately in terms of germinal layer/intraventricular haemorrhage, parenchymal echodensity, ventricular dilatation and parenchymal cysts. Moderate ventricular dilatation was assigned where the ventricular index was above the 97th centile and hydrocephalus when the dilatation was more than 4 mm above the 97th centile using a centile chart from Levene et al (1981 
Results
Four ultrasound recordings were retrieved for 35 of the subjects. One of the cerebral palsy cases had only two scans during his short postnatal admission, thus the overall ascertainment of recordings was 99%.
Of the 18 cases, 16 (89%) had cystic lesions diagnosed on ultrasonography during the postnatal period (table 1) . In seven cases the lesions were bilateral and of the nine cases with unilateral lesions, four had single large porencephalic cysts. Only one (6%) of the controls had a cystic lesion and this baby had developmental delay and learning difficulties at follow up. The presence of a cystic lesion was strongly associated with cerebral palsy (P<0-001). A parenchymal echodensity was diagnosed in 14 cases and two controls; P<0-01. The echodensity preceded the development of a cyst in all the cases and in one of the controls. All of the cerebral palsy cases had some degree of ventricular dilatation. Both moderate ventricular dilatation (P<0-01) and hydrocephalus (P<001) were significantly associated with cerebral palsy. Germinal layer/intraventricular haemorrhage occurred in a similar number of cases and controls (table  1) .
Of the cystic lesions in cerebral palsy cases, six (38%) were present before the 10th postnatal day and 10 (62%) developed between 10 days and 6 weeks of age (table 2) . No cystic lesions were detected in the first 72 hours. However, three (21%) infants had parenchymal echodensities in the first 24 hours with no previous normal scan and two ofthese had developed cysts before day 10 Developmental delay and learning difficulties, normal motor development. The characteristics of case and control infants at birth were similar (table 4). Low Apgar scores and acidaemia on umbilical cord blood assays were not predictive of cerebral palsy in this study. The cerebral palsy classification assigned to individual children correlated closely with the ultrasound findings in 14 (78%) of the infants studied (table 5) .
Discussion
Most children in this study with cerebral palsy had cystic lesions with preceding echodensities diagnosed by cerebral ultrasonography in the postnatal period. This finding confirms the observation in several studies that cystic lesions are a highly sensitive and specific predictor of neurodevelopmental outcome in preterm babies."1 1624 The site and side of the lesions correlated well with the neurological findings in many of the children and were similar to the findings of Fawer et al 8 in terms of severity of disability.
Two of the cases had no cystic lesion in the postnatal period. One of these had a very uncomplicated neonatal course and had only two scans on days 1 and 8, and one can only speculate whether a lesion would have been diagnosed at a later stage. The other infant had serial ultrasound scans with intraventricular haemorrhage and mild ventricular dilatation, but no echodensity or cyst, and this raises the question whether some important lesions were undetected using the equipment available at the time. Minimal ventricular dilatation alone, in the absence of overt parenchymal cerebral lesions, has been associated with subsequent neurodevelopmental impairment in some studies. 8 25 It has been assumed that in the cases with adverse outcome the dilatation in the lateral ventricles is a manifestation of periventricular white matter damage and shrinkage. Alternatively, it may be that cerebral palsy originates in the postneonatal period in a proportion of preterm infants. The control infant with a cystic lesion had developmental delay and learning difficulties at follow up, suggesting -that the pathogenesis of other disabilities may overlap with that of cerebral palsy. This finding also highlights the importance of long term follow up of infants with abnormalities to assess disability of a cognitive nature.26
Unlike the study by Bejar,4 none of the cysts in this study was diagnosed in the first 24 or 72 hours. However, six infants had cysts diagnosed before the 10th postnatal day and the onset of these lesions may have preceded delivery. In two cases echodensities were present in the first 24 hours with no previous normal scan; this is consistent with an antenatal antecedent. In one other case an echodensity was diagnosed in the first 24 hours but the cyst did not develop until day 11 . Of the cysts apparent at around 6 weeks, review of the ultrasound reports showed a broad spectrum of times at which the lesion was first noted, giving an overall range of five to 51 days. Placental abruption Severe haemorrhage (at least 200 ml) after 20 weeks gestation with at least two of the following: a clinical diagnosis (painful haemorrhage with a tense uterus); evidence of substantial retroplacental clot at delivery; or histological evidence of abruption.
Prolonged rupture of membranes Rupture of the membranes for more than 24 hours.
Chorioamnionitis Infection/inflammation of the membranes diagnosed by at least two of the following: clinical evidence (pyrexia, tender uterus, purulent liquor); microbiological or histological evidence.
Maternal infection Urinary tract infection or pyelonephritis (confirmed on mid stream urine); fever (>385°C) of more than 24 hours; any other microbiologically confirmed infection other than chorioamnionitis.
Pre-eclampsia The presence of hypertension (diastolic blood pressure ¢90 mm Hg) and proteinuria (with or without biochemical and haematological changes).
Intrauterine growth retardation Ultrasound diagnosis of a weight more than 2 standard deviations below the mean using John Radcliffe percentile charts, estimated by serial measurements of the abdominal circumference.
Small for gestational age Birthweight more than 2 standard deviations below the mean as defined by percentile charts used at the John Radcliffe Hospital.
